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Background & Rationale 
 The efficiencies of monochromatic OLEDs have been pushed to near theoretical limits in both 

laboratory and commercial applications.  This was done by efficiently harvesting that both singlet and 

triplet excitons formed on hole/electron recombination (ratio = 1:3).  The prevalent solution to this 

harvesting problem is to use an emissive dopant in the OLED that has a heavy metal ion at its core to 

promote spin orbit coupling and thus efficient phosphorescence from the triplet .   

 

 

 

 

 

 

 

 

In this research program we are focusing on an alternate solution that does NOT use phosphorescent 

dopants for all colors, but collects singlet excitons on a fluorescent dopant and triplets on one or more 

phosphorescent dopants.  We first proposed this in 2006 (Y. Sun, et. al, Nature, 2006, 440, 908-912). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hybrid fl/ph WOLED with fluorescent Host:  In 2007 Karl Leo introduced an alternate strategy in 

which a host matrix is used that fluoresces as a neat solid (Schwartz, G., et. al. Adv. Mater. 2007, 19, 

3672).  Singlet excitons are trapped near the interface (LD ~ 10 nm).  The host lattice used here was 4P

-NPD, PL = 93%. 

 

Pros: 

• High efficiency possible, up to 100% for white 

• Constant color with changing drive voltage 

• Low voltage, high lm/W possible (no exchange energy loss) 

• Blue from a fluorescent emitter, does not limit device lifetime 

Cons: 

• As pictured the triplet level of the fl-dopant is a trap 

• Phosphorescent dopants can trap carriers: S1:T1 imbalance 

Hybrid fl/ph WOLED 

S

S

T

HOST

Exciton

formation

zone

RED and 

GREEN

phosphorescent 

dopants

T

S

T

χs = 0.25

χt = 0.75

BLUE 

fluorescent

dopant

Förster transfer

Diffusive transfer

T

Phosphorescent OLED 

S

T

S
Inter-system crossing (ISC)

Phosphorescent 
emission

HOST

Phosphorescent 

dopants()

χs+χt=0.25+0.75

T

Pros: 

• High efficiency possible, up to 100%, and color tunable 

• Low voltage, high lm/W possible 

Cons: 

• Emitter (color) mixing to achieve white can be complicated 

• Lifetime of blue PHOLED is poor, limiting WOLED lifetime 

• Exchange energy S1→T1 is lost, limiting power efficiency 
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Pros: 

• Highly efficient fluorescence without doping 

• Constant color with changing drive voltage 

• Low voltage, high lm/W possible (no exchange energy loss) 

Cons: 

• Lifetime unknown (NPD emitter gives poor lifetime) 

 

This project is supported by: 

Acknowledgements 

Our Objectives 

1.  Fluorescent emitters with small S1/T1 

energy gaps 

2.  Host materials with wide S1/T1 energy gaps 

3.  Materials with  strong blue fluorescence in 

the solid state (to act as a host material) 

4.  Investigate exciton diffusion in hybrids to 

maximize the efficiency of harvesting singlet 

and triplet excitons 

5.  Measure and optimize efficiencies and 

lifetimes of hybrid WOLEDs 
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